ABSTRACT: The structure and dynamics of reef fish assemblages on small patch reefs in the Caribbean (St. Croix, US Virgin Islands) were compared with those studied previously (Sale et al. 1994 ) on the Great Barrier Reef (One Tree Reef), Australia, in order to test whether assemblage structure and function are consistent despite overall taxonomic differences. St. Croix reefs were monitored over 5 yr (1991 to 1996), while those at One Tree Reef had been monitored for 10 yr (1977 to 1986). Analyses of species richness and abundances for individual patch reef assemblages revealed considerable change in assemblage structure between censuses. Specifically, number of individuals and species varied among summer and winter censuses, with summer censuses generally showing greater numbers. Among years but within a season, there was significant variation in the number of individuals (summer and winter) and species richness (summer only) at St. Croix, while only species richness varied yearly (summer and winter) at One Tree Reef. In addition, when the proportional abundances of species observed on each patch reef were compared among censuses on the same patch reefs but at different times (measured as Czekanowski similarity values), results indicated that faunal similarity declined with increasing length of interval between censuses. The mean, betweencensus Czekanowski similarity values for individual assemblages were 0.56 and 0.59 for St. Croix and One Tree Reef, respectively. These results suggest that there is substantial temporal change in assemblage structure at both locations. Species in each location were classified into 12 trophic guilds in order to determine whether the assemblages at St. Croix and One Tree Reef showed similar trophic structure despite different species present. Results indicated that guild structure varied among censuses in both locations and that average guild structure differed substantially between these locations. At St. Croix, diurnal and nocturnal planktivores were proportionately more important, while site-attached herbivores, wide-ranging grazing herbivores, wide-ranging browsing herbivores, sedentary carnivores, and demersal planktivores were proportionately more important on the Australian patch reefs. Results confirm that comparable assemblage dynamics occur for patch reef assemblages at St. Croix and One Tree Reef. However, there are also clear differences in structure and dynamics in these 2 locations, despite the very similar physical and hydrographic habitats occupied. 
INTRODUCTION
There are 4 biogeographic regions containing tropical reefs (Indo-West Pacific, Eastern Pacific, Western Atlantic-Caribbean, and Eastern Atlantic) that have had long independent evolutionary histories and consequently share few reef fish species. Yet the processes that have formed the reef environments and their fish assemblages are similar, and we might predict that assemblages that form in similar habitats will be similar in structure and dynamics. Although temporal and spatial comparisons of assemblage structure at meaningful scales are intrinsically valuable, relatively few such examinations exist since they are logistically difficult to accomplish as well as to fund. Notable exceptions include work by Gladfelter et al. (1980) in which patch-reef fish communities at St. Croix and Marshal Islands were monitored from 1976 to 1978; Brock et al. (1979) compared the similarity of fish communities at a patch reef in 1966 and again in 1977; Ogden & Ebersole (1981) examined a large (125 m 2 ) artificial reef from 1975 to 1979 and compared these censuses to that from 1962; and more recently a study by Tupper & Hunte (1998) on patch and artificial reefs (1 and 100 m 2 , respectively) in Barbados investigated the temporal and spatial variation in the structure of reef fish assemblages. Ad hoc comparisons based on independent studies are complicated by the fact that different observers collected the data and that ecological methods, such as diversity indices and measures of habitat complexity, vary greatly.
This study uses similarly collected data from patch reefs at One Tree Reef, Australia, and St. Croix, US Virgin Islands, to determine how comparable assemblage structures are, and to what degree they change through time. Data on assemblages occupying lagoonal patch reefs at One Tree Reef , Sale & Steel 1986 , 1989 , Sale & Guy 1992 , Sale et al. 1994 ) were compared to more recent work conducted using structurally similar patch reefs at Tague Bay, St. Croix, US Virgin Islands. Specifically, we describe the structure of assemblages on physically similar patch reefs at St. Croix and One Tree Reef, and address seasonal and annual patterns of change. In addition, by classifying species into guilds, we were able to determine whether the assemblages show similar trophic structure despite the different species present at the 2 sites.
MATERIALS AND METHODS
Field work was conducted at St. Croix, US Virgin Islands, from 1991 to 1996 (Table 1) . At Tague Bay, on the northeast coast of St. Croix, an extensive barrier reef provided a back reef zone 2 to 6 m deep that contained numerous, chiefly non-emergent, patch reefs. Twenty small, non-emergent reefs were selected for study and were representative of this lagoon area of Tague Bay. In order to permit direct comparisons between St. Croix and Australian data, the protocol for patch reef selection and censusing was taken from the One Tree Reef study . Physical structure and the environment surrounding patch reefs at St. Croix were comparable to that at One Tree Reef (Sale 1996) . Selected patch reefs ranged in size from 2.5 to 31 m 2 surface area, and were at a depth of 3 to 4 m at low tide. In addition, each patch reef was isolated from its nearest neighbour by at least 2 m of open sand, usually more. Movement of fish between reefs was infrequent, and most individuals were reliably present on single reefs. The size range, depth, and isolation were all similar to those of reefs at One Tree Reef (Sale 1996) . Patch-reef fish assemblages (number of individuals of each identified species) were censused through the use of a complete-count visual technique described and evaluated by Sale & Douglas (1981) . Patch reefs were visited 3 times within a period of 1 wk. Each visit began with the diver approximately 3 m away from the patch reef recording the most active species in and around the target patch reef. The diver then proceeded to approach and circle the patch reef, finally close enough to examine crevices. All observed species and their abundances were recorded on an underwater slate. Following the third visit the enumerations were pooled to give a best (maximized) estimate of the fauna actually present (Sale & Douglas 1981) . In total, 10 sets of censuses (2 yr -1 over 5 yr) on each of 20 patch reefs were completed at St. Croix. Twenty sets of censuses (approx. 2 yr -1 over 10 yr) had been conducted on each of 20 patch reefs at One Tree Reef (Table 1) . These patch reefs were representative of the lagoon of One Tree Reef. Prior to any analysis, data were tested for homogeneity of variances, heteroscedasticity, and normality.
Analyses of richness and abundance. For patch reefs at St. Croix, species richness and abundance of individuals were examined seasonally and annually to determine the temporal constancy of patch reef assemblages. The null hypothesis was that no variation in number of species nor individuals was expected seasonally or annually. For the seasonal analysis separate 2-way ANCOVAs were conducted for species richness and total abundance of individuals, such that the design was 20 reefs by 2 seasons (summer defined as Sale et al. 1994) censuses that fall within April to August, and winter was for November to February). The covariate was 'abundance of individuals' when the dependent variable was 'species richness', and 'species richness' when the dependent variable was 'abundance of individuals'. For the annual analysis, a within-season ANOVA with repeated measures was conducted, where years represented the repeated measures. Seasons were analyzed separately in order to select for the year influence only. Equal numbers of replicates of summer and winter seasons were not possible for One Tree Reef (see Table 1 ). Otherwise, the analyses were comparable. Temporal dynamics in patch reef assemblages. To examine temporal variability in patch reef assemblages in the Australian data, we had used the Czekanowski proportional similarity index and compared pairs of censuses of single patch reefs. While multivariate approaches are more readily available now than they were in 1980, we have retained this approach to analyse the St. Croix data in order to facilitate comparison between regions. The Czekanowski proportional similarity index compares censuses i and j:
where P ik and P jk are, respectively, the proportions of individuals in assemblages i and j that are members of the kth species, and there are s species present. Czekanowksi proportional similarity values range from 0.0, when the compared censuses have no species in common (total dissimilarity) to 1.0, when the proportional distribution of individuals among species is identical (total similarity). This index of faunal similarity accounts for the relative abundance of individuals and is largely insensitive to fluctuations of rare species (Sale et al. 1994) . Each faunal similarity value is derived by comparing 2 censuses from a single patch reef. Thus all possible comparisons among 10 and 20 censuses from St. Croix and Australia data sets, respectively, would yield 45 and 190 faunal similarity values, respectively. Temporal dynamics of St. Croix assemblages. Czekanowski similarity values were used to address whether reef fish assemblages at St. Croix showed temporal variation, both seasonally and annually. The null hypothesis was that assemblage structure was constant through time, meaning that the proportional abundance of individuals of each species was the same across seasons and years. All pairs of censuses of each patch reef were compared (45 comparisons for each reef). Because the number of similarity values for a set of censuses is always larger than the number of censuses in the set (for n > 3 censuses), we have guarded against an inflation of degrees of freedom in analyses by randomly sub-sampling sets of similarity values to yield a balanced design, with number of similarity values equaling the number of censuses in each treatment (see also Sale et al. 1994) .
To test for seasonal variation, census comparisons were classified as within season (summer census compared to another summer census, S-S, or a winter census compared to another winter census, W-W) or between seasons (summer vs winter, S-W). Comparisons were confined to censuses that were separated by a period of 1 yr. A 2-way ANOVA (3 types of comparison, S-S, W-W, S-W; 20 reefs) was used to test the null hypothesis that mean faunal similarity will be similar within and between seasons. Reefs were considered blocks in the design. By randomly sub-sampling we set the design with approximately equal numbers of comparisons per treatment.
To test for variation in structure among years, only within season (S-S and W-W) comparisons were used (20 per patch reef). These were sorted to select those comparing censuses 1 yr apart (n = 8 per reef), and those comparing censuses 3 or more years apart (n = 6 per reef). These values were compared using a 2-way ANOVA (short-and long-term comparisons, within winter or summer seasons; 20 reefs), where reefs were considered blocks in the design. The null hypothesis was that faunal similarity would not vary with time between censuses compared.
Mean faunal similarity. In order to determine whether dynamics of reef fish assemblages were similar between St. Croix and One Tree Reef, we examined the mean within-reef faunal similarity (the mean across all reefs) for St. Croix among censuses that were adjacent in time, separated by 3 yr, and separated by 5 yr. Mean faunal similarity values for One Tree Reef were taken from Sale et al. (1994) .
Trophic analysis. In order to determine whether assemblage structure at St. Croix and One Tree Reef showed a similar trophic structure, each species censused was classified into 1 of 12 feeding guilds (Table 2 ) using published data on diet and our own unpublished observations. After pooling data across patch reefs, we used principal component analysis (PCA) based on a correlation matrix with varimax normalized orthogonal transformation, to compare trophic structure at each census at St. Croix and One Tree Reef. We sought to determine the extent of inter-census variation in trophic structure, as well as the congruence of trophic structure at the 2 regions. To interpret factors and any patterns, variables with a factor loading ≥ |0.3| were examined. A variable with factor loading ≥ |0.3| accounts for approximately 10% or more of the variation (Tabachnick & Fidell 1996) .
-
RESULTS
Over the 5 yr of work at St. Croix, 90 taxa were observed. Most were discriminated to species level, but some species difficult to identify in the field were pooled as 3 single taxa: Coryphopterus glaucofraenum/ Gnatholepis thompsoni, juveniles of Haemulon, and Scarus taeniopterus/S. croicensis. The average number of taxa per patch reef at a census was 16.1 ± 5.0 and the average number of individuals per patch reef per census was 111.2 ± 41.9. Taxa that accounted for the greatest proportion of individuals were C. glaucofraenum/G. thompsoni (family Gobiidae, 19%), Haemulon juveniles (family Haemulidae, 17%), S. taeniopterus/S. croicensis (family Scaridae, 14%), and Stegastes leucostictus (family Pomacentride, 14%).
Over the 10 yr of observations at One Tree Reef, 142 taxa were observed with an average number of taxa per patch reef of 19.8 per census. Again, the majority of taxa were discriminated to species. The average number of 280
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Seasonal analysis of richness and abundance
For St. Croix, the mean species richness and abundances of individuals was 13 and 23% greater in summer than winter censuses (Fig. 1A) . For One Tree Reef, the mean species richness was 2% greater in the winter while mean abundance of individuals was 17% greater in the summer (Fig. 1B) . The ANCOVA revealed significant seasonal differences in the abundances of individuals and species at St. Croix, but only in abundance of species at One Tree Reef (Table 3) , because of a significant season-reef interaction for individuals at One Tree Reef.
Annual analysis of richness and abundance
The repeated measures ANOVA for patch reefs at St. Croix indicated that for abundance of individuals there were significant differences among years in both summer and winter censuses, while species richness varied among years only in summer censuses (Table 4 , Fig. 2A ). At One Tree Reef, there were significant differences among years, regardless of season, for species richness only (Table 4 , Fig. 2B ).
Similarity analyses of St. Croix assemblages
If there had been a consistent seasonal shift in assemblage structure, the between season (S-W) comparisons would be less similar on average than comparisons within a season (S-S and W-W). Instead, faunal similarity values determined from comparisons of censuses of the same season and across seasons did not differ predictably (Table 5 , Fig. 3A) . The interaction between reefs and the type of comparison (S-S, W-W, and S-W) was highly significant, indicating large differences among reefs. The mean similarities were 0.56, 0.55, and 0.52 for S-S, W-W, and S-W comparisons, respectively.
When faunal similarity values, determined from comparisons of censuses within a season but 1 yr apart, were compared with comparisons of censuses > 3 yr apart, significant differences were observed (Table 5 , Fig. 3B ). Since no significant duration-reef interaction was observed (Table 5) , this decline in similarity with increasing interval suggests that assemblage structure at all patch reefs diverges from its starting point as , and 2 of 20 censuses occurring during spring were not used. Significant differences were observed for St. Croix comparisons of abundance of individuals (both summer and winter) and species richness (only summer), while One Tree Reef showed significant differences for species richness (both summer and winter) more time elapses. This tendency for assemblage structure to drift away from its prior composition appears to be general for all our patch reefs.
Extent of the temporal change at St. Croix and One Tree Reef
The degree of temporal change in assemblage structure was assessed through examinations of faunal similarity values (Czekanowski values). When faunal similarity values were sorted by length of interval between censuses, and the mean values computed across reefs, a coherent pattern was observed. Specifically, at St. Croix the mean faunal similarity decreased and the variability increased as the duration between censuses increased (Table 6, Fig. 4) . Unfortunately, at St. Croix the study was too short to determine whether a time was reached when further divergence did not occur. However, the longer data set for One Tree Reef (10 yr) provided information suggesting that the faunal similarity reached a plateau (see Sale et al. 1994 ) of about 50% when the interval between compared censuses exceeded 5 yr. This limit may be set by the pattern of recruitment and loss of fish. Croix. The seasonal analysis was across all patch reefs (n = 20) and investigated similarity of fish assemblages within seasons (summersummer, n = 200, and winter-winter, n = 200) and between seasons (summer-winter, n = 520). There was no significant difference among the 3 types of comparisons. The annual analysis investigated faunal similarity for census durations of 1 yr (n = 160) and >3 yr (n = 120) apart, within the same season. A significant difference was observed between faunal similarity derived from comparison of census pairs adjacent in time versus those > 3 yr apart of 12 feeding guilds (Table 2) . Fig. 5 illustrates the proportion of individuals within each trophic guild when data from all censuses at each location are pooled. Note that 2 guilds, 4 and 12 (corallivores and cleaners, respectively), accounted for only 1.7 and 0.4% of individuals at One Tree Reef, and were not represented in the St. Croix data. Therefore these 2 guilds were excluded from the PCA. The PCA permitted the comparison of trophic structure present on sets of patch reefs at St. Croix and One Tree Reef in a single space defined by 10 guilds. This analysis showed that guild structures were clearly distinct at One Tree Reef and St. Croix (Fig. 6) . In addition, guild structure varied substantially from one census to the next, within each region, indicating that the assemblage of fishes occupying patch reef habitat varies trophically over time. This temporal variation involves both Factors 1 and 2, which together account for 63% of the variation within the data set (Table 7) . According to the PCA, Guilds 1 (herbivore: omnivore), 2 (herbivore: grazer), 3 (herbivore: browser), 7 (carnivore: sedentary) and 10 (planktivore: demersal) are most important in defining fish assemblage structure at One Tree Reef, while Guilds 9 (planktivore: diurnal) and 11 (planktivore: nocturnal) are most important at St. Croix (Figs. 5 & 6) .
Trophic analysis

DISCUSSION
While early ecological theory anticipated that tropical assemblages were in equilibrium, observations during the 70s and 80s revealed that assemblages of coral reef fishes fluctuated on several spatio-temporal scales , Sale & Steel 1989 , Fowler 1990 . It is now understood that the distribution and abundances of fish are influenced by pre-and postsettlement processes which vary in importance through both space and time. Pre-settlement processes include distribution and abundances of sexually mature individuals (Robertson et al. 1988) , ocean circulation patterns (Caselle & Warner 1996 , McIlwain 1997 , Shapiro et al. 1997 , Jones et al. 1999 ) and larval settling preferences (Victor 1986 , Robertson et al. 1988 . Post-settlement processes, on the other hand, refer to influences such as competition for limiting resources and predation which determine the numbers and distribution of fish (Sweatman 1985 , Letourneur 1996 . Since similar processes are expected to influence fish assemblage structure at both One Tree Reef and St. Croix, we questioned whether reef fish assemblages found on patch reefs at both locations are comparable in terms of temporal persistence and Mean similarity values were averaged over 20 patch reefs at each site, for the given duration of time. One Tree Reef data summarized from Sale et al. (1994) , where 10 randomly selected pairs of censuses for each patch reef were chosen Table 2 trophic structure. This rare opportunity to compare the structure and dynamics of reef fish assemblages in 2 biogeographically different locations was possible because patch reefs at One Tree Reef and St. Croix were similar in physical structure (data are available in , Sale et al. 1994 for One Tree Reef, and in Sale 1996 for both One Tree Reef and St. Croix) and all were sampled using identical census methods. Our analysis first looked at species richness, total abundance of fish, and the proportional abundance of each species. We examined change in these components from census to census, between seasons, as well as across years, and found substantial change in species composition among censuses at both locations. Specifically, at St. Croix and One Tree Reef the number of species present on any patch reef varied significantly between seasons (Table 3 , Fig. 1) . A similar observation was noted for the number of individuals at St. Croix. When seasonal effects were removed in order to examine the structure of fish assemblages across years, results indicated that numbers of species and individuals varied over 5 yr at St. Croix (except species richness in winter censuses), and that species richness, but not number of individuals, varied across 10 yr at One Tree Reef (Table 4, Fig. 2 ). Inferring assemblage structure only from abundance and richness data is informative but can be misleading. In this case, although variation in the number of individuals was shown to be relatively small (and not significant) among years at One Tree Reef, analyses using the Czekanowski index showed high rates of change in the proportional abundance of species between censuses.
Seasonal patterns in numbers of species and individuals at both St. Croix and One Tree Reef were shown to be similar (greater numbers in the summer), and therefore we asked whether the structure (in terms of the proportional abundances of individuals for each species) of patch reef assemblages varied seasonally and/or annually? If these reefs were closed systems, at or near stable equilibrium, then when 2 censuses of the same patch reef were compared they would likely contain almost identical abundances of individuals and species over any interval of time. Instead, when St. Croix censuses taken in the same or different season but 1 yr apart were compared using Czekanowski's index, just 55% of the assemblage structure was consistent between the compared censuses (Table 5 , Fig. 3A ). Faunal similarity was significantly lower with longer durations between compared censuses, suggesting that these systems had not reached a stable equilibrium ( denudations, or establishment to that of this study, have also noted a lack of similarity in reef fish assemblages through time. For instance, Talbot et al. (1978) noted a lack of faunal similarity over a 3 yr study on artificial patch reefs (0.576 m 2 ) at One Tree Reef. They used Jaccard's Coefficient of Community, which accounts only for species presence or absence, and found that consecutive monthly censuses yielded mean Jaccard values of 0.283 (winter) and 0.238 (summer) indicating substantial replacement of species (values calculated from their Table 8 ). Brock et al. (1979) defaunated a Hawaiian experimental patch reef (1500 m 2 ) in 1966 and 1977, and showed that the assemblages present on each occasion shared only 40% of the species. In order to permit comparisons with their own One Tree Reef data, converted published data from Brock et al. (1979) to Czekanowski similarity values, and reported that the similarity between the 2 collections (1966 and 1977) was 0.682 compared to 0.568 among the first 8 censuses (3 yr) of their One Tree patch reefs. Ogden & Ebersole (1981) . In and Sale et al. (1994) , patch reef (2.5 to 31 m 2 ) assemblage structure at One Tree Reef diverged over adjacent censuses (0.587 mean Czekanowski similarity value), while over 8 censuses (3 yr) the value was 0.568 and 0.508 after an additional 12 censuses (10 yr total) (Table 6 ). This was comparable to our St. Croix data since similarity values produced from census comparisons adjacent in time were more similar than those several years apart. Specifically, adjacent censuses at St. Croix indicated mean similarity values of 0.564, while values were 0.527 for censuses 3 yr apart and 0.453 for the entire 5 yr (Table 6 , Fig. 4) . In a recent study by Tupper & Hunte (1998) , assemblage similarity also decreased as census periods on the same artificial patch reefs (1 m 2 ) were compared over increasing intervals. For instance, Czekanowski similarity values for patch-reef fish assemblages 4 mo apart varied between 0.320 to 0.788 (mean 0.568), while that for a 7 mo interval was between 0.331 to 0.669 (mean 0.473) (means calculated from their Table 3 ). All of these studies, including our own at St. Croix and One Tree Reef, indicated that as time passes, individuals (and therefore species) were gained or lost from patch reefs, progressively altering assemblage structure. This therefore suggests that a stable equilibrium is not reached. The variability in assemblage structure exists despite the presence in these assemblages of numerous species with life spans of 5 to 10 yr or more, species showing relatively high fidelity in dispersion, and species showing low levels of fluctuation in numbers (Sale et al. 1994) .
Although the faunal composition differed totally between regions, we assigned species to trophic categories in order to determine if the assemblages were trophically similar. Analyses indicated that St. Croix and One Tree Reef patch reefs supported assemblages with substantially different trophic structure, even though both regions included representatives of 10 of 12 feeding guilds (Fig. 5) . While it is possible that the St. Croix and One Tree Reef assemblages would be found to be trophically similar if they had been sampled over the same years, we consider this to be most unlikely. We doubt the world is that tightly organized. Instead we suggest our results are an accurate reflection of a substantive difference in trophic organization between the 2 sites. The fish assembled on patch reefs at St. Croix included greater proportions of planktivores and lesser proportions of herbivores then on patch reefs at One Tree Reef (Fig. 6) . Despite the similarity in habitat and the availability at both regions of trophically similar species, fish were observed to use patch reefs differently.
At St. Croix, patch reefs support a fauna that is based substantially on plankton productivity, while at One Tree Reef, patch reefs support a fish fauna that relies more heavily on benthic production. As a consequence, nutrients and energy flow on different pathways in the 2 locations.
Independent of this overall trophic difference, the guild analysis also showed substantial variation in guild structure among censuses within both locations. This variation is surprising given that it is based on data pooled across 20 patch reefs at each location (approximately 2000 fish per census). The variation is at the larger scale of a set of nearby patch reefs, rather than at the scale of a single patch reef. Despite our use of this larger scale, the trophic performance of the patch-reef fish assemblage at each location varies considerably through time, and therefore a static description of the food web would be misleading. Contrary to our observations, Brock et al. (1979) argued that trophic structure (defined as number of species in each trophic group) on an isolated patch reef did not change significantly from 1966 to 1977, and was reestablished in 6 mo following defaunation. However, Gladfelter et al. (1992) reported that the relative percentage of fish within each trophic level varied substantially between censuses conducted in 1980 and 1990. Specifically, there was an average change in invertebrate consumer abundances between 1980 and 1990 of 19%, while for herbivores, piscivores, and planktivores there was 28, 60.5 and 69%, respectively (calculated from their Table 4 ). Their observations confirm that the kind of drift in guild structure we have observed is not unusual.
In this comparative study we observed similarities between patch reefs at St. Croix and One Tree Reef in terms of seasonal and annual variation in species richness and abundances of individual fish. We demonstrated that there were similar declining trends in faunal similarity over time for both regions, suggesting that community structure drifts as new individuals recruit and residents die. In addition, the analysis of trophic structure revealed that guild structure also varied through time, although there were consistent overall differences in trophic structure between regions. Consequently, while the processes structuring assemblages at St. Croix and One Tree Reef appear to be the same, and while they generate a similar stochastic, changing structure, these structures, on average, differ at the 2 locations, both in species composition and in the trophic role they play. This difference exists despite the similar environments in which the fish reside.
